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1 Claim.

This invention relates to a gelatinized starch
of abnormally high water absorption. The in-
vention relates particularly to such a starch char-
acterized also by ready dispersibility in cold wa-
ter to give a gel that is substantially free from
set back when of moderate to relatively high
concentrations and that has high film strength
when in dried condition.

There is extensive use of pregelatinized cereal
starches as sizes and adhesives in various indus~
tries and especially in the paper industry. The
product desired for such use should have a very
high water absorption value, disperse quickly
when mixed in finely divided form with cold wa-
ter to give pastes that do not undergo set back
(form a stiff gel) when allowed to stand, and
give films of high adhesive strength after drying.
Tt has not been possible heretofore to make a
pregelatinized cereal starch meeting these re-
quirements.

Our invention provides a cereal starch prcd-
uct that meets all of the requirements and is
sometimes referred to herein as “pregelatinized”
inasmuch as the starch is gelatinized in advance
of the time when it is used. ;

Briefly stated, the invention comprises the
method of and the product resulting from ge-
latinizing waxy cereal starch and then drying
the pregelatinized material for delivery to the
place of use. In the preferred embodiment of
the invention, waxy maize is the starch that is
gelatinized and the waxy maize starch is first
thinned, either with acid or by oxidation with a
hypochlorite or like oxidizing agent, before being
pregelatinized. In another embodiment of the
invention, the gelatinization is effected by pro-
gressively increasing the moisture content and
the temperature so that the starch containing the
desired proportion of water for gelatinization is
subjected to the maximum temperature of ge-
latinization for only a short period of time be-
fore being discharged from the equipment used
in the gelatinization.

The product of the invention is a pregelatinized
waxy starch that does not undergo set back when
dispersed in hot or cold water and allowed to
stand at concentrations that are much above
those with which set back is experienced with
pregelatinized ordinary starch. Furthermore, the
pregelatinized waxy starch when made into a
.paste and used as an adhesive shows adhesive
strength, as measured by the pick test, that in
some instances is as much as four times as great
as that of pregelatinized corn starch prepared
under comparable conditions. ’
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In 3 typical operation, waxy maize starch in
moist condition, such as obtained for example
as filter cake in a vacuum filtration of a suspen-
sion of the starch in water, is pasted in any suit-
able manner, as on a hot roll under conditions
that are usual in the pasting of ordinary starch.
Or the wet waxy starch is fed continuously
through a gelatinization vessel such as a SCrew
conveyor having open steam jets that deliver
steam as a fine spray into the vessel at intervals
spaced from each other in the direction of move-
ment of the starch, the starch being finally dis-
charged through an outlet from the vessel, all of
the equipment and operation being conventional
in pregelatinizing ordinary starch. The product
is then dried in a usual type of pregelatinized
starch drier and then is preferably finely milled.
A combination flash drier and mill may be used
for the purpose. Spray drying may be used.

In connection with the screw conveyor past-
ing, atténtion is directed particularly to the pro-
gressive introduction of moisture and heat in in-
crements and the thorough distribution of the wa-
ter made possible by the operation described.
There is thus made possible the use of a mini-
mum quantity of water to obtain thorough ge-
latinization without the introduction of such large
amounts as to require evaporation of a large ex-
cess of unnecessary water. Thus, we may use
water in total amount as low as 35 to 40 parts for
100 parts of water and starch mixtures. For
incomplete pasting about 20 to 34 parts of water
may be used.

The temperature of pregelatinization may be
any one between the pasting temperature of the
waxy starch (about 150° F.) and below the tem-
perature of objectionable decomposition of the
starch or excessively rapid evaporation of wa-
ter. .

The time of pregelatinization may be no longer
than required to bring the waxy starch to the
pasting temperature, the period required to es-
tablish the temperature varying obviously with
the kind of apparatus used, its temperature, and
the thickness of the mass or layer of starch to
be warmed.

The pH of the starch during pregelatinization
may vary considerably as from 3.5 to 8, about
5.5 to 7 being preferable.

While there may be used for the present pur-
pose waxy starch from any known cereal scurce
of such starch, for example, from waxy sor-
ghum, the invention gives particularly satisfac-
tory results when the starch used is from waxy
maize. The invention will be first illustrated,
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therefore, by description in connection with the
use of such waxy maize starch,

Example 1

In a typical operation wet waxy maize starch
filter cake of moisture content of about 30% is
introduced into a conventional pasting conveyor
and steam is sprayed in through spaced inlets.
The water content is increased by about 2 to 5%
for each steam jet under which the starch passes,
so that the product issues through the discharge
opening with a moisture content of about 38 to
45%. As the starch passes through the conveyor,
there is also a progressive increase of the tem-
perature up to the maximum which should be
about 160 to 180° F, and preferably about 170° F.
The temperature of the moist mass is maintained
at this point for only a short period of time, say
for about one fourth to one minute, the total time
required for the passage of the starch through
the conveyor being suitably about 1.5 to 5 min-
utes.

There is thus obtained a very uniform wetting
and gelatinization of the waxy starch without
undercooking or overcooking of any substantial
proportion of the starch.

The pregelatinized material is delivered from
the discharge opening to a flash drier and m111
combined.

In this manner, there has been made from
table head waxy starch a product having a water
absorption of 15.2 as compared to 6.2 for table
head corn starch similarly treated.

‘When the starches used as raw material were
degerminated waxy maize and degerminated or-
dinary corn, the water absorption values were
15.2 and 5.6, respectively.

The absorption value referred to is determined
by suspending 10 g. of starch in 100 cc. of cold
water, allowing the mixture to stand for one hour
and then filtering. The amount of filirate in cc.
deducted from 100 cc, gives the volume of water
absorbed by 10 g, of the starch. Thijs figure for
the number of cc, of water absorbed divided by
ten gives the so-called water absorption or the
absorption per gram of the starch., Pregelatin-
ized waxy starch made as described herein will
usually have a water absorptlon substantially in
excess of 10.

Ezxample IT

In place of untreated waxy starch as the raw
material to be pregelatinized, there is used to ad-
vantage waxy starch that has been initially mod-
ified by a chemical treatment,

Thus, there may be used acid thinned or thin
boiling waxy maize starch, the thin boiling starch
being one prepared in any manner described in
copending application Serial No. 350,167 for U. S.
patent filed by the present applicants on August
2, 1940, and entitled Starch product and method
of making, issued as Patent 2,319,637 on May 18,
1943,

" An example of the making of pregelatinized
thin boiling waxy starch from such pretreated
starch follows.

Waxy maize starch is formed into an agqueous
slurry of density approximately 16° Baumé and
sulfuric acid is added to establish the PH at ap-
proximately 1.5. The slurry is then warmed and
held at about 120° F', until thinned to the desired
extent. The degree of thinning is determined by
test for the so-called alkall fluidity, this test be-
ing standard in the corn starch industry and the
alkali fluidity corresponding to the volume of out-
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4
flow in cc. obtained with the starch product in
standard time with a funnel which in the same
time delivers 100 cc. of water,

After thinning to the desired extent is obtamed
say to an alkali fluidity of 20 to 90, the granules
of acid treated waxy starch are separated from
the liquid by filtration.

The granules so separated contain approxi-
mately 50% of water. They are then heated with
steam to a temperature of about 160° to 180° F
or higher to produce pre-gelatinization.

The product so made shows a remarkably high
pick test when applied to paper and tested in us- -
ual manner, the pick test being much higher than
obtained by the corresponding treatment of com-
mon cereal starches. Also the pregelatinized
waxy starches have very large water absorption
values and high solubility in water. They are
particularly adapted for use as a size in the man-
ufacture of paper or as an adhesive.

Ten grams of the acid thinned waxy maize
starch of fluidity 20 to 50, when pregelatinized
as described, absorbed all of the 100 parts of
water in the water absorption test and conse-
quently gave no filtrate at all. Acid thinned waxy
maize starch originally of 90 fluidity after being
pregelatinized was tested likewise. This mate-
rial had sufficient solubility that the starch itself
passed practically completely through the filter
paper with the water,

The pick tests, which are made as deseribed in
the said application 350,167, measures the adhe-
sive strength of the starch film on paper. With
acid thinned waxy starch and acid thinned com-

mon corn starch as the starches that are prege-
latinized, the following pick tests were obtained:
Alkali .
) o Fluidity | Pick Test
Kind of Acid Thinned Starch Used Before |0 {TeEC AL
Pregelat- N}mze_ 1
inization ateria
20 6.0
50 5.6
90 5.0
20 1.0
50 1.0
90 1.0

It will be noted from the above table that the
adhesive strength of the pregelatinized waxy
starch is 5 to 6 times that of the common corn
starch similarly treated. While the exact ratios
of adhesive strength will vary somewhat in dif-
ferent preparations, it is evident that the pick test
of the pregelatinized waxy starch is much greater
than that of the pregelatinized common corn
starch,

Example 3

In another modification of the invention waxy
maize starch was first treated with an oxidizing
compound in manner that is conventional in the
oxidation of other cereal starches. Thus, the
waXxy maize starch was made into a slurry with
water, the proportion of starch to water used be-
ing such that the finished slurry had a density
of approximately 20° Baumé. To this there was
added a solution of sodium hypochlorite made by
passing chlorine through soda ash solutions,
There is thus obtained modification due to the
oxidizing effect of the hypochlorite in the pres-
ence of the resulting alkaline hypochlorite solu-
tion,

-In general, the oxidized waxy starch may be
made in any manner described in copending ap-
plication Serial No. 351,914 for U, S. Patent, filed I
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by the present applicants on August 8, 1940, and
entitled Waxy starch product and method of
making, issued as Patent 2,354,838 on August 1,
1944. The oxidized starch is finally separated
from the remaining liquid as described in the said
application.

After the oxidation is completed, then the oxi-
dized product is pregelatinized by heating with
water and then is dried and milled as described
elsewhere herein.

Various proportions of chlorine to the waxy
starch may be used, increasing proportions of
chlorine being found to give greater modifica-
tion. A satisfactorily high pick test with the
oxidized waxy starch is obtained, however, with
relatively low concentrations of chlorine, say in
the range of about 1 to 3% of actual chlorine on
the dry weight of the starch. Higher proportions
of chlorine are unnecessary with the waxy starch.
Thus, there was obtained with 1.25% of chlorine
used in the hypochlorite treatment a waxy starch
that after gelatinization had a pick test of 7.8,
whereas 5% of chlorine on the weight of ordi-
nary corn starch was required in making a prod-
uct that in gelatinized condition had a pick test
of 6.2.

The preliminary modification and subsequent
pregelatinization described herein may begin with
highly purified or refined waxy starch or the less
pure material obtained only by steeping and de-
germinating the grains of waxy maize and then
milling the remaining mixture of starch, pro-
tein and fiber. Also, the processing may be ap-
plied td table head starch as the raw material,
this starch being substantially free from all im-
purities except protein., __—

Tt will be understood also that it is intended to
cover a1l changes and modifications of the exam-
ple of the invention herein chosen for the pur-
pose of illustration which do not constitute de-
partures from the spirit and scope of the inven-
tion. -

What we claim is: :

Cold water dispersible waxy cereal starch in
the condition of having been gelatinized by being
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warmed in contact with water to the pasting tem-
perature of the starch and then dried, charac-
terized by water absorption in excess of 10 parts
by weight of water for each part of the waxy
starch ag determined by suspending the dry starch
in cold water, allowing the suspension to stand
for one hour, filtering the suspension, and cal-
culating, from the amount of water used less the
amount of filtrate, the proportion of water re-
tained on the filter for each unit of starch used.
' HERMAN H. SCHOPMEYER,
GEORGE E. FELTON.
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